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though indirect immunofluorescent antibody tests (IUAT) have been

developed for several arenaviruses, none has been applied to the rhesus

monkey model for Bolivian hemorrhagic fever (caused by the arenavirus

Machupo). We Infected eight rhesus monkeys with Nachopo virus and bled

them weekly postinoculation (PI) for determination of viremia and for

serum antibody by IhAT and serum neutralization (SN) testing. Viremia

peaked 14 days PI, vhen two of eight animals had low IFAT titers. At 21

days PI, the six surviving monkeys had elevated IFAT titers and diminished

viremias. SN titers were not observed until 28 days ?I, when three of

four survivors had low titers. Results of the IFAT were available more

rapidly than the SN, and detected increased serum antibody titers earlier

than the SN
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The arenavirus Machupo is the etiologic agent of Bolivian hemorrhagic

fever (BHF), described as a geographically delineated hemorrhagic fever

with a human mortality rate varying from 5-30% in different outbreaks,

with uncommon subclinical infections, and with infrequent person-to-person

transmission [Johnson, 1967). Because of the potential lethality of BHF

for humans, a suitable laboratory model has been developed to evaluate

potential therapeutic regimens. [Eddy, 1975; Kastello, 1976; Peters,

1984; and Stephen, 1980]. The serological technique described in the

model was a plaque reduction, serum dilution, neutralizing antibody test

that required 7 days to perform on confluent cell culture monolayers

(Eddy, 1975; Webb, 1969]. Indirect fluorescent antibody testing (IFAT)

has become a common serological tool for the evaluation of natural and

laboratory arenavirus infection, commonly requiring only 2-4 hours to

perform., and often provices an alternate spectrum of virus-specific

antibody assessment to virus neutralization [Lewis, 1975; Peters, 1973,

1984; Wulff, 1975, 1978). This report presents IFAT results from eight

Machupo-infected monkeys, and results of a safety test conducted on

antigen slides that conflicts with a previous report [Peters, 1973).
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Two groups of four rhesus monkeys were evaluated. Group I consisted

of 5- to 8-kg monkeys [Eddy, 19751, and in Group 2 were 5- to

7-kg monkeys [Stephen, 1980; Jones, unpublished data). Animals in both

groups were healthy, untreated, virus-inoculated controls from other

experimental studies with BHF, with no known exposoure to any arenavirus

prior to Machupo virus inoculation. Monkeys were caged singly in a

biological containment facility [Kuehne, 19831, and observed daily for

clinical signs. Blood samples for serology and viremia assays were

obtained 7, 14, 21, and 28 days PI.

Virus inoculation md viral a=say

All monkeys were inoculated subcutaneously with the Carvallo strain

of Wachupo virus [Johnson, 1964). Group 1 received approximately 1,000

plaque-forming units (PFU) of the third suckling hamster brain passage;

Group 2 received 32,000 PFU of the fourth passage. Assays for virus were

performed as previously described (Kastello, 1976).

Serology

The serum neutralization test was a plaque reduction, serum dilution,

neutralizing antibody test (SN) performed in Vero cells (Eddy, 19751. The

IPAT reagents and procedures used were similar to those described by

Peters [19731, except that Vero cell monolayers were infected at a

multiplicity of infection of 0.3-1.0 with fourth-passage Carvallo strain

BhF virus. Cells adsorbed virus for 3-4 hours and were harvested three

days P1. the infected monolayer from a single 25-cm2 flask was

trypsinized, suspended in 1.5 al of Puck's saline A, and gently disrupted

5



by pipet. To avoid handling infected cells, there was no further attempt

to standardize cell concentrations. The suspension (0.025 1) was placed

on each of seven spots on Teflon-coated microscope slides having eight, 8-

m circular, uncoated spots (Cell-Line Associates, Inc., Minotola, New

Jersey) and allowed to air dry under ultraviolet irradiation. The

remaining spot received a similar preparation of uninfected cells. Slides

were then fixed in acetone at room temperature for 20 miuutes and stored

in air at -70°C until used.

Each serum dilution was applied to two spots on each slide, but no

serum was applied to one infected spot or the uninfected spot. Following

incubation, rinsing, and drying, FITC-conjugated, goat, anti-human imuno-

globulin was applied to all spots receiving serum dilutions, and a FITC-

conjugated monkey anti-Machupo antisera was applied to the remaining

infected and uninfected cell spots as a direct fluorescent antibody test

(DFAT) to control slide quality. Coverslips were mounted with glycerine

and slides examined with a Zeiss microscope equipped for FITC

epiluminescence. The last dilution of serum in which both infected cell

spots showed brilliant apple-green granular cytoplasmic fluorescence

similar to the DFAT-stained infected spot was considered the endpoint.

Safety test

By using a cosmon inoculum, two different lots of antigen slides were

prepared as described above and exposed to 15 min of unrated ultraviolet

radiation in a passbox [Kuehne, 19731. Cells from 10 infected spots from

each lot were removed by placing a small amount of titration diluent on

each spot and vigorously scraping with a small spatula until no cells

remained after microscopic examination. The material from 10 spots was
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diluted to 2.0 ml as a stock solution. The virus titer of this material

was determined as described above; additionally, 0.2 al of serial

dilutions of this stock was inoculated into each of two Vero cell

monolayers in 25-cn2 tissure culture flasks. One of these flasks was

harvested and antigen spot slides examined by DYAT three days PI as

described above; the supernate from the other was sampled for virus

titration at five days PI as described above.

RESULTS

Results of animal inoculation are summarized in Figure 1. Maximum

viremia levels occurred on day 14 PI and declined thereafter; IFAT titers

were detectable in two of eight monkeys on day 14 PI, and In all six

monkeys surviving on 21 days PI. By 21 days PI, the sera from the six

surviving monkeys had an IFAT geometric mean titer (GifT) of 3.1 (log1 0 ).

Neutralizing antibody developed more slowly, and did not appear until day

28 PI, when the four surviving monkeys exhibited a SN GHT of 0.68

(logl0 ). The mortality rate of the model, clinical condition of survivors

after day 21 PI, and other experimental demands for convalescent antisera

precluded additional testing. However, a previous report [Eddy, quoted in

Peters, 1984) described SN titers In the Machupo-monkey model as

increasing at a similar time P1.

The safety test results are sumarized in Table 1. Although virus

activity was greatly reduced by acetone fixation followed by unrated

ultraviolet exposure, as evidenced by inability to detect virus by

imediate plaque titration of scrapings from antigen slides, slight

activity remained and was detected by passage in cell culture. Results of

7
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DFAT testing corresponded exactly to those of conventional plaque

titration, but were available seven to eight days faster.

DISCUSSION

Others de Bracco, 1978; Lewis, 1975; Peters, 1973; Wulff, 19751 have

noted that IFAT results are useful for diagnosis of arenavirus infections,

but have not emphasized the gains in diagnostic time possible relative to

infection. Although truncated, our results confirm the ability of the

IFAT, compared to the SN, to rapidly detect Nachupo virus infection in

rhesus monkeys, and of the DFAT, compared to plaque titration, to detect

infection in cell culture. Fluorescent antibody tests can be performed in

less than one day, compared to the minimum of seven days required to

perform a SN and six days for a plaque titration. In the case of the

described model, a presumptive diagnosis was obtained on day 14 and was

confirmed by additional serology on day 21 PI by IFAT. In comparison,

detectable SN titers were not evident until day 28 PI, and an additional

seven days were required to perform the test; therefore, SN diagnosis was

not available until day 34 PI, 13 days after a diagnosis could be

established by IFAT. This interval could be very valuable in institution

of therapy and control measures.

The principal disadvantage of the IFAT is that it is less specific

for individual arenaviruses than the SN procedure. Substantial cross-

reactivity by IFAT has been described between New World arenaviruses

[Wulff, 19781, and a specific diagnosis to virus type required SN serology

(Jahrling, 19801.

-achupo antigen on slides is largely inactivated by acetone fixation

and ultraviolet exposure, but obviously should be used with caution. The
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buffered formaldehyde fixation/trypsin digestion technique described by

van der Groen [1983] may result in more complete inactivation so that

prepared slides can be stored and shipped as described by Rosato [1982].

k9

I°
I.'.,'..'...:..r.,;..:,',','..'€:.....: ....:; ." ;-'.... 4 .' ' .; .N 2 .;..-.-,':i:::.: ,';. ';'2



The authors wish to thank Mr. Lauren (Pete) R. Bagley and Mr. Bill G.

Mahlandt, whose technical expertise and attention to detail have proven

worthy of emulation.

10

. . . . . . . .*. 
..... . . ..



-~ ~~~~~~~ - - - - -- -............... -

de Bracco HEM, Rimoldi MT, Cossio PM, Rabinovich A, Maiztegui JI,

Carballae G, Arana R4 (1978): Argentine hemorrhagic fever. Alterations of

the complement system and anti-Junin-virus humoral response. New England

Journal of Medicine 299:216-221.

Eddy GA, Scott SK, Wagner FS, Brand OM (1975): Pathogenesis of Machupo

virus infection in primates. Bulletin of the World Health Organization

52:517-521.

Jahrling PB (1980): Arenaviruses. In Lennette EH, Balows A, lausler Jr.

WJ, Truant JP (eds): "Manual of Clinical Microbiology," 3rd ed.

Washington, DC: American Society for Microbiology, pp 884-890.

Johnson KM, Wiebenga NH, Mackenzie RB, Kuns ML, Tauraso NM, Shelokov A,

Webb PA, Justines G, Beye HK (1964): Virus isolations from human cases of

hemorrhagic fever in Bolivia. Proceedings of the Society for Experimental

Biology and Medicine 118:113-118.

Johnson, IM, Halstead SB, Cohen SN (1967): Hemorrhagic fevers of Southeast

Asia and South America: A comparative appraisal. Progress in Medical

Virology 9:105-158.

Kastello MD, Eddy GA, Kuehne RW (1976): A rhesus monkey model for the

study of Bolivian hemorrhagic fever. The Journal of Infectious Diseases

133:57-62.

11



Kuehne 1W (1973): Biological containment facility for studying infectious

disease. Applied Microbiology 26:239-243.

Lewis VJ, Walter PD, Thacker WL, Winkler WG (1975): Comparison of three

tests for the serological diagnosis of lymphocytic choriomeningitis virus

infection. Journal of Clinical Microbiology 2:193-197.

Peters CJ, Webb PA, Johnson KM (1973): Measurement of antibodies to

Machupo virus by the indirect fluorescent technique. Proceedings of the

Society for Experimental Biology and Medicine 142:526-531.

Peters CJ (1984): Arenaviruses. In Belshe RB (ed): "Textbook of Human

Virology." Littleton: PSG Publishing Company, Inc., pp 513-545.

Rosato RR, Brand OH, Bagley LR (1982): Retention of fluorescent antigen-

icity of virus-infected cells on spotslides under various conditions of

storage. Journal of Virological Methods 5:279-284.

Stephen EL, Jones DE, Peters CJ, Eddy GA, Loizeaux PS, Jahrling PB (1980):

Ribavirin treatment of toga-, arena-, and bunyavirus infections in

subhuman primates and other laboratory animal species. In Smith RA,

Kirkpatrick W (eds): "lLibavirin - A Broad Spectrum Antiviral Agent." New

York: Academic Press, pp 169-183.

12



van der Groen G, Kurata T, Mets C (1983): Modifications to indirect

imunofluorescence tests on Lassa, Marburg, and Ebola material. The

Lancet 1:654-655.

Webb PA, Johnson KH, Mackenzie RB (1969): The measurement of specific

antibodies in Bolivian hemorrhagic fever by neutralization of virus

plaques. Proceedings of the Society of Experimental Biology and Medicine

130:1013-1019.

Wulff H, Lange JV (1975): Indirect itmunofluorescence for the diagnosis of

Lassa fever infection. Bulletin of the World Health Organization 52:429-

436.

Wulff H, Lange JV, Webb PA (1978): Interrelationships among arenaviruses

measured by indirect imunofluorescence. Intervirology 9:344-350.

13

J, . , :-. "' ; . " - ,



FIGUR iZORE

Fig. 1. Serum neutralization (SN), indirect fluorescent antibody

(IFAT), and viremia responses of rhesus; monkeys after Inoculation with

Machupo virus. Viremia response is expressed as plaque-forming units

(PFU)/u1.
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Table I. Results of safety testing of acetone fixed/ultraviolet

exposed Machupo antigen spot slides

Lot #1 Lot #2

Plaque forming units (PFU)/ ND* 3.46

spot delivered prior to

inactivation (loglO)

Dilution of Stock (log1 o)

0 1 2 0 1 2

PFU/spot after inactivation <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Z Cells DFAT-positive 3 days >30 >30 >30 >30 >30 >30
PI in flasks Inoculated with
stock dilutions

PFFp/ml 5 days PI In flasks 6.08 6.04 5.76 6.02 6.02 5.42
inoculated with stock
dilutions

*Not done
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